Semen quality is a key indicator of the male reproductive ability. The decline in semen quality has been debated for several decades. However, data on decline in semen quality might be inconsistent given factors such as geographical area, ethnicity, environmental exposure and lifestyle changes. This study aimed to provide information on the semen quality of men in Northern Taiwanese. We recruited 7,187 male participants between 2001 and 2010 from a reproductive medical center. The age of the participants ranged from 26 to 57 years, with a mean age of 36.9 ± 4.77 years. Semen analysis was performed through standardized methods outlined in the World Health Organization laboratory manual. Increasing age (per year) was significantly and negatively associated with semen volume (1.006 ml), progressive sperm motility, rapid progressive sperm motility and sperm with normal morphology (reduction by 1.010%, 1.013% and 1.002% per year, respectively). In addition, sperm concentration, semen volume, number of sperms, progressive sperm motility, rapid progressive sperm motility, and sperm with normal morphology were significantly reduced annually by 1.013 × 10 6 /ml, 1.015 ml, 1.028 × 10 6 , 1.021 %, 1.017% and 1.016%, respectively). Age-period-cohort analyses revealed that age and cohort had effects on reduction of the progressive and rapid progressive sperm motility. Moreover, all the sperm parameter values were significantly reduced annually. Our findings provide useful information for clinical practice and public health investigations of male reproductive health.
Introduction
Under clinical settings, semen quality in men is routinely examined and is critically evaluated in patients presenting for infertility evaluation (26) . Jedrzejczak et al. (12) reported that male fertility can be satisfactorily predicted through several semen measurement factors, namely sperm concentration, total and progressive sperm motility, and sperm with normal morphology. Sripada et al. (33) reported that after adjustment for male and female age, parity, year of the first visit, and the duration of infertility, sperm motility and sperm with normal morphology were significantly associated with spontaneous pregnancy. A decline in semen quality can have serious implications for human reproductive health and may be a potential factor contributing to the decline in fertility rates (2, 13) .
In 1992, a meta-analysis of 61 studies examining a trend of the decline in the number of sperm and seminal fluid volumes over the past 50 years reported a significant reduction in the sperm concentration and seminal fluid volume from 113 × 10 6 /ml and 3.4 ml in 1940 to 66 × 10 6 /ml and 2.75 ml in 1990, respectively (2) . A multivariate analysis of 101 studies from 1934 to 1996 that was adjusted for numerous confounding factors, such as abstinence time, men with proven fertility (%) and specimen collection method reported a substantial reductions in sperm concentration in the United States (1.5%), in Europe (3%) and Australia (3%) (35) . Several studies have examined semen quality in Asia; however, some inconsistencies have been reported (11, 18, 23, 29) . Studies have suggested that the decline in semen quality might be caused by factors including geographical area, ethnicity, environmental exposure and lifestyle changes (1, 14, 25, 34) . One previous study proposed that the drug methamphetamine may increase oxidative stress and decrease sperm count in rats (19) . Taiwan is an urbanized and industrialized island, where pollution is a pressing problem. In addition, lifestyle-related factors, such as dietary patterns and obesity, have changed tremendously in recent years. Studies on the semen quality among the Taiwanese population are scant. This study aimed to provide information on the semen quality of Taiwanese men by analyzing semen parameters between 2001 and 2010. Application of age-period-cohort analyses could also clarify age-period-cohort effects on semen quality. This information will be useful in clinical practice and public health investigations of male reproductive health.
Materials and Methods

Study Population
In this retrospective study, data between 2001 and 2010 were collected from The Center for Reproductive Medicine and Sciences at Taipei Medical University Hospital. However, male infertility was not necessarily defined as the causative factor for a couple's inability to conceive. All the couples were referred to the reproductive medicine center after assessment by a physician. We did not classify whether the cause of infertility involved the male partner, the female partner, or both partners. The semen samples in this study were obtained as follows: Firstly, the participants were instructed to abstain from ejaculation for 3-7 days and secondly, the first semen quality data were used to avoid bias. Participants that had undergone testicular surgery or had experienced testicular injury before the study period were excluded. In this study, 7,187 male participants were recruited. Among the participants, 2,984 male participants sought intrauterine insemination (IUI) treatment at the clinic. This project was approved by the Joint Institutional Review Board of Taipei Medical University (approval number 201010005).
Semen Collection and Analyses
Semen samples were collected by masturbation in a wide-mouthed sterile plastic container after 3-7 days of abstinence. The samples were collected at the laboratory or at home. Qualified laboratory technicians completed routine semen analysis within 3 hours of ejaculation. Age and sampling date of participants were recorded for analysis. Semen analysis was conducted by qualified laboratory technicians through standardized methods outlined in the World Health Organization (WHO) Laboratory Manual for the Examination of Human Semen and Sperm-Cervical Mucus Interaction 1 . All semen analyses were performed by the same laboratory director to eliminate technician or operator bias and for internal quality control. The following semen parameters were measured: sperm concentration, semen volume, number of sperms, progressive sperm motility (%), rapid progressive sperm motility (%), and sperm with normal morphology (%) (sperm with normal morphology [%] were not recorded for patients who received IUI treatment).
Semen volume was evaluated in terms of weight, assuming a semen density of 1.0 g/ml. To evaluate sperm concentration and motility, the samples were placed in sperm counting chambers and examined using a microscope. Sperm concentrations were estimated under a microscope (400X magnification) and a micrometer or the grid of a counting chamber. Scanning the slide and estimating the number of spermatozoa per field, or part of a field equivalent to 1 nl, provides an approximate sperm concentration in 10 6 /ml. The motility of each spermatozoon was graded 'a', 'b', 'c' or 'd' according to whether it demonstrated rapid progressive motility (a), slow or sluggish progressive motility (b), non-progressive motility (c) or motility (d). Classification of sperm morphology was performed using stained smear slides. For a spermatozoon to be considered normal, the sperm head, neck, midpiece and tail sections all had to be normal.
Statistical Analyses
Semen parameter data are presented as median and inter-quartile range (IQR). The reference values for semen analysis were defined according to the 1999 WHO laboratory manual as follows: sperm concentration ≥ 20 × 10 6 /ml, semen volume ≥ 2.0 ml, number of sperm ≥ 40 × 10 6 , progressive sperm motility (grade a + b) ≥ 50%, rapid progressive sperm motility (grade a) ≥ 25%, and sperm with normal morphology ≥ 15%. Low quality semen was defined as the percent-age of the semen sample with semen parameter values lower than the WHO reference values 2 . Age was categorized into 25-29, 30-34, 35-39, 40-44, 45-49 , and ≥50 year groups. Test for trend was applied for evaluating the change by age group, or time of low quality rate of semen parameters. When the distributions of the semen parameter data were not normal, log-transformation of the semen parameter data was performed before linear regression. Simple linear correlation analyses were performed for evaluating the change by age group or time of semen parameters analysis. Multiple linear regression analyses were performed to predict the effects of age or time on the semen parameters after adjustment of each factor. Test for trend and simple and multiple linear correlation analyses were conducted using SAS for Windows (SAS 9.2, SAS Institute Inc., Cary, NC, USA). Age-period-cohort (APC) analysis was performed to clarify the APC effect on semen parameters. Participants were cat egorized into birth cohorts according to their age in 2001. Then changes in their semen parameters were observed between 2001 and 2010 with an age of 49 years being the follow-up endpoint. The APC effect on semen parameters was evaluated by plotting semen parameters for different birth cohorts. The APC analysis was conducted using Microsoft Office Excel 2003 (Microsoft Corporation, USA). The results were considered significant for two-sided P < 0.05.
Results
Characteristics of Participants
The age of the participants ranged from 26 to 57 years, with a mean age of 36.9 ± 4.77 years. The majority of the participants were aged 35-39 years (36.4%) and sought infertility treatment in 2009 (14.8%) and 2010 (16.9%) ( Tables 1 & 2) .
Semen Parameters
Semen parameters according to the age group and year taken are shown in Tables 1 & 2 . In all participants, the median of the semen parameters was higher than or equal to that of the WHO reference values. The sperm concentration was 48.0 (IQR: 26.0-68.0) × 10 6 /ml, semen volume was 3.00 (IQR: 2.00-3.50) mL, the number of sperm was 126 (IQR: 63.0-203) × 10 6 , progressive sperm motility (%) was 48.0% (IQR: 36.0-56.0%), rapid progressive sperm motility was 25.0% (IQR: 16.0-32.5%), and sperm with normal morphology was 60.0% (IQR: 55.0-65.0%). In addition, the low quality rate of semen parameters is also listed in Tables 1 & 2 . The low quality rate of progressive sperm motility (56.7 %) was higher than that of other semen parameters, and sperm with normal morphology had the lowest low quality rate (3.05 %).
Effect of Age on Semen Parameters
The low quality rate of semen parameters in the age groups is shown in Table 1 . In general, the low quality rate was higher in the older age group, particularly for volume, progressive sperm motility, and rapid progressive sperm motility (all of P values for trend were <0.0001). The preliminary results of the distribution of semen parameters by age are shown in Fig. 1 . To clarify the relationship between semen parameters and age, linear regression was performed to calculate the change in the semen parameters according to increasing age (Table 3) . Increasing age (per year) was significantly and negatively associated with semen volume, progressive sperm motility, rapid progressive sperm motility and sperm with normal morphology (−1.006 ml, P < 0.0001; − 1.010%, P < 0.0001; −1.013%, P < 0.0001; and − 1.002%, P = 0.0131; respectively). However, the sperm concentration and number of sperms were unrelated with age (1.001 × 10 6 /ml, P = 0.5640 and −1.004 × 10 6 , respectively, P = 0.1263).
Effect of Year on Semen Parameters
The low quality rate of semen parameters according to year is shown in Table 2 . The low quality rate of volume, number of sperms, progressive sperm motility and rapid progressive sperm motility increased every year by age (P for trend, <0.0001, 0.0030, <0.0001 and <0.0001, respectively). The preliminary result of the distribution of semen parameters by year is shown in Fig. 2 . The annual change in the semen parameters was evaluated through linear regression (Table 3 ). All semen parameter values were shown to be significantly reduced. Annually, the sperm concentration was reduced by 1.013 × 10 6 /ml (P = 0.0018), semen volume reduced by 1.015 ml (P < 0.0001), number of sperms reduced by 1.028 × 10 6 (P < 0.0001), the progressive sperm motility (%) significantly reduced by 1.021% (P < 0.0001), the rapid progressive sperm motility (%) reduced by 1.017% (P < 0.0001) and sperm with normal morphology reduced by 1.016% (P < 0.0001).
Adjustment for the Effect of Age and Year of Data Collection on Semen Parameters
The effects of age and year of data collection on the semen parameters after mutual adjustment are shown in Table 3 . After adjustment for year of data : P for trend of low quality rate of semen parameters by age groups. Table 1. collection, the effect of age on semen parameters was similar for both adjusted and unadjusted data, except for sperm with normal morphology (antilog-transformation β = −1.002, P = 0.0131, unadjusted; antilog-transformation β = −1.001, P = 0.3041, adjusted). The effect of year on semen parameters was similar for unadjusted and adjusted data. To clarify the cohort effects, the cohort age curve was used to analyze the APC effects (Fig. 3) . The age effect is apparent with the reduction in progressive and rapid progressive sperm motility with increase in age among several birth cohorts. Birth cohort was a group of people born during a specific year. the age groups, progressive and rapid progressive sperm motility were reduced according to the birth cohort. Overall, the APC analysis suggests that age and cohort effects exerted influence on sperm motility, but no period effects were observed. For other semen parameters, the semen volume exerted a weak age effect but no cohort effect. Semen concentration, number of sperms and sperm with normal morphology did not exert any notable APC effects (data not shown).
Discussion
In 1977, the sperm concentration of Taiwanese men was 169 × 10 6 /ml indicating favorable semen quality (16) . However, the semen quality of Northern Taiwanese men was found here to be reduced by 2001, with a mean sperm concentration of 53.2 × 10 6 /ml. Our results further revealed that the semen volume, number of sperms, progressive sperm motility, and : adjusted by age. * P < 0.05 rapid progressive sperm motility were all significantly reduced with age. In addition, all semen parameters were significantly reduced annually in the study period. In the APC model, progressive and rapid progressive sperm motility were reduced with the increases in age in each birth cohort. These results confirm that age effect affects progressive and rapid progressive sperm motility. In addition, each birth cohort line was similar and parallel. Progressive and rapid progressive sperm motility exerted cohort effects by the parallel trend at the same age interval in different cohorts. This result showed that Number of sperm (10 6 The sample size and long study duration are the most crucial strengths of this study. In addition, all semen samples were analyzed at a single reproductive medical center, thus reducing potential bias which could arise from studies conducted in different examination locations. We also analyzed the semen quality data of the first sample received from each subject to avoid any bias that might arise from medications the participant might be asked to take to enhance semen quality prior to subsequent examinations. Moreover, Merzenich et al. (22) reported that a study on the decline in semen quality should also consider ethnic and geographical variations. In this study, the participants were homogeneous, as they had the same ethnicity of Taiwanese Han population, and were from the same area of Northern Taiwan. However, this study has certain limitations. Our sample was not based on a general population, and therefore not representative of the general population, because the data was collected from a single reproductive medicine center in Northern Taiwan. In addition, the semen quality data were compared between non-IUI and IUI participants. The average age of the IUI participants was higher than that of the non-IUI participants. The differences in sperm concentration, volume, number of sperm, progressive motility sperm, and rapid progressive motility sperm between the IUI and non-IUI participants were not significant (Table 4) . Unfortunately, data for normal sperm morphology was not recorded for the IUI participants. This study limitation may have contributed to the apparent reduction of morphologically normal sperm observed in our study. As our sample was not representative of the general population, additional studies are required to corroborate our findings. In addition, this study was based on retrospective data, and only age, year of collection, and semen parameters were collected to determine the relationship between the semen quality and age and Furthermore, this study was initiated only as a pilot study to explore the gerneral trends in semen quality in Taiwan; further research is anticipated to identify the causes of reduced semen quality to corroborate with our findings regarding the decline in Taiwanese semen quality. In this study, age was negatively correlated with volume, number of sperms, progressive sperm motility, and rapid progressive sperm motility, consistent with previous studies (15, 23, 32, 39) . Elzanaty (5) postulated that the decline might be caused by agedependent changes in the epididymis and function of the accessory sex glands. Sperms acquire the capacity for vigorous progressive motility during transit through the epididymis; thus, aging of the epididymis affects sperm motility (28) . In addition, reactive oxygen species (ROS) might increase the risk of sperm damage, as ROS levels in an ejaculate are significantly correlated with age (3). Moreover, the sperm concentration was found to be slightly increased with age (P = 0.5640) in this study. This might be caused by the weakening of the apoptotic machinery during or after spermatogenesis with advancing age, which in turn, weakens the machinery that eliminates defective sperm mechanisms, leading to the excessive accumulation of abnormal sperms (31) .
Annual decline in semen quality might also be caused by exposure to pollutants or toxicants as well as lifestyle-related factors such as obesity and nutrition or dietary patterns (6-8, 24, 27, 30, 37) . Since the 2000s, the environment in Taiwan contains elevated levels of pollutants, such as polychlorinated biphenyl (PCB), nonylphenol (NP), di-(2-ethylhexyl) phthalate (DEHP) and lead; moreover, these compounds are considered endocrine disruptors. In that period of time, PCB was present in the body of Taiwanese people who consumed PCB-containing fish (9, 21) . In addition, NP intake in Taiwan was 4-fold and 8.5-fold higher than the daily intake in Germany and New Zealand, respectively (20) . Moreover, phthalates, including DEHP, were deliberately and continuously added to foods as an emulsifier substitute in Taiwan until the malpractice was exposed in the 2011 Taiwan food scandal. DEHP causes the loss of Sertoli cells and has subtle effects on sperm production (4). A negative correlation was observed between DHEP concentrations in the air and sperm motility (β = −0.227, P = 0.044) (10) . Furthermore, lead is considered an endocrine disruptor that can damage the semen quality (17, 36) . In our previous study, blood lead levels were significantly and negatively associated with semen quality, and high blood lead levels (>50 μg/l) had a 11-fold higher risk of low semen quality (17) .
Lifestyle-related factors are risk factors for semen quality similar to dietary patterns and obesity (6, 37) . A study reported that diets rich in fruits and vegetables may improve sperm motility (6) . In Taiwan, men aged 19-30 years had insufficient intake of fruits and vegetables (38) . Furthermore, in men aged 20-30 years, a significantly negative correlation was observed between the total number of sperms and body mass index (BMI) (24) . In Taiwan, the prevalence of obesity (BMI >27) in men aged 19-30 years increased from 3.3% in 1993-1996 to 12.6% in 2005-2008.
In conclusion, increasing age mainly influenced the sperm volume, progressive and rapid progressive sperm motility. Moreover, all sperm parameter values were significantly decreased each year. Furthermore, age and cohort effect on reducing the progressive and rapid progressive sperm motility. However, additional data and studies are needed to confirm these suppositions. The current study findings contribute to the existing data on semen quality in Northern Taiwanese men in recent years. Our findings provide useful information for clinical practice and public health investigations of the male reproductive health.
